OBJECTIVES: Extensive clinicopathological analyses of aortic dissection have implicated hypertension and genetic abnormalities as the major pathogenic mechanisms. However, previous findings from pathological examinations have often been inconsistent with these mechanisms. In this paper, we suggest a significant role for the vasa vasorum in the aetiology and pathogenesis of aortic dissection.
INTRODUCTION
Aortic dissection is a relatively uncommon but devastating disease. It usually requires emergency surgery, and recent progress in imaging technologies and operative procedures has contributed to better patient outcomes. A number of studies [1] [2] [3] [4] [5] [6] [7] have been published on the pathogenesis of aortic dissection, including genetic background, hypertension, ageing and various types of aortic medial 'weakness' as important factors in its aetiology; however, it is still unclear what the critical pathological event is in situ that leads to development of the aortic dissection.
Our hospital is a standard-type city hospital that serves as the terminal hospital for heart and vascular emergency patients in the western part of Kyoto city. While evaluating surgically resected pathological specimens from cases of aortic dissection, we recognized that, interestingly, the dissection always occurred at the outer third of the aortic media, alongside the vasa vasorum of the aortic wall. The aim of this study was to evaluate this finding and its potential role in the development of aortic dissection, with particular emphasis on the function of the vasa vasorum.
MATERIALS AND METHODS

Selection of patients
A retrospective analysis was performed on all patients who underwent operations for aortic dissection at Mitsubishi Kyoto Hospital between March 2008 and August 2011. Twenty-one patients underwent surgery with subsequent histopathological examination of the aortic wall. Their clinical characteristics and histological findings were obtained from our hospital records. Perioperative variables are expressed as means ± SD.
(Stanford type A) and dissection site of the distal arch (Stanford type B) with haematoxylin and eosin, Elastica van Gieson, Masson's trichrome and Alcian blue staining. All available aortic specimens were reviewed by a pathologist (M.K.) among the authors, referring to the criteria for histopathological diagnosis of aortic diseases used by many authors, including Larson and Edward [8] , Mills [9] and Leone et al. [10] . Most of these criteria are based on the classical description by Schlattmann and Becker [11] .
RESULTS
Clinical findings of aortic dissection
As shown in Table 1 , the age of the 21 patients (10 men, 11 women) who underwent thoracic aortic surgery ranged from 43 to 87 years (mean, 65.3 ± 12.1 years). The mean body surface area was 1.58 ± 0.2 m medical history.
The 21 aortic dissections were divided into two groups: Stanford type A (n = 20) and Stanford type B (n = 1). In the Stanford type A group, seven cases of dissection were limited to the ascending aorta and 13 involved the further distal aortic arch. The average diameter of the ascending aorta before surgery was 52.2 ± 11.5 mm (36-80 mm), with thrombotic occlusion of a false lumen in 11 patients (52%). One patient with Stanford type A (bicuspid aortic valve case) and one with Stanford type B had a distal arch aneurysm with a diameter of 60 mm.
Following previously reported classification of acute aortic syndrome, there were 10 cases (47.6%) of classic dissection, in which the intimal tear was located in the ascending aorta or aortic arch. Another 10 cases (47.6%) had intramural haematoma [12] [13] [14] , where we could not detect the intimal tear by preoperative computed tomography or inspection at surgery. There was one case (4.8%) of aortic ulcer.
Only one patient had a 'bicuspid aortic valve malformation'.
Histopathological findings of aortic dissection
Site of dissection and histopathological characteristics of the dissection lesions. As shown in Table 2 , the most notable finding in this study is that 20 of 21 patients (95.2%) developed the dissection in the outer aspect of the aortic wall (Fig. 1) . To be precise, the dissection usually occurred in the outer one-third of the aortic media. We were able to confirm that this was the pathway of the vasa vasorum of the aorta (Fig. 2a-c) . In seven patients (33.3%), we confirmed small sites of erythrocyte extravasation ( Fig. 3a-d) . In 16 patients (76.2%), however, erythrocyte extravasation caused a large haematoma with thrombus formation (Fig. 1) . Around the site of dissection, the elastic lamella was often thinned, with disappearance of its side-chain (11 patients, 52.4%), or showed fragmentation of lamellae (seven patients, 33.3%; Fig. 4a and b), and the interstitial acid mucopolysaccharide (Alcian blue-positive mucoid substance) level was increased in almost all patients (Fig. 4c ).
Although the degree was variable, various abnormalities [muscular hyperplasia, elastosis, intimal fibrosis, luminar obstruction ( Fig. 5a-e) , tortuosity and erythrocyte extravasation ( Fig. 3a-d) ] of the vasa vasorum were seen in 16 (76%) patients.
Aortic medial changes. Eighteen patients (85%) had clear abnormalities in the elastic laminae, including fragmentation, thinning and disappearance of the side-chain ( Fig. 4a and b) . The medial smooth muscle cells tended to be atrophic and to secrete acid mucopolysaccharide, mostly along the site of dissection (Fig. 4c) . One case of aortic dissection with a bicuspid aortic valve was somewhat different from the other cases. It was the only case of dissection in only the middle of the media, where some mucin lakes were present. This presentation is similar to the medial degeneration in Marfan syndrome (Fig. 1 ). Atheroma. Ten patients (48%) had no atheromas in the aortic wall. In 11 patients (52.4%), the intima and/or media contained atheromas. Only one case showed intimal ulceration, but none of the atheromas was connected to the dissection site (Fig. 1 ).
Adventitial change. Four patients (20%) showed active inflammatory changes or sequelae in the aortic adventitia, including two with lymphocyte proliferation and follicle formation (so-called lymphocyte aortitis; Fig. 6a ), two with granulation ( Fig. 6b) and three with cicatrization. These patients showed apparent sclerotic changes in the vasa vasorum.
DISCUSSION
Aortic dissection has been a well-known disease since the time of Morgagni. It is a relatively uncommon but very serious disease, with acute haemodynamic compromise and high mortality (20-30%) [1] [2] [3] 6 ]. There are a number of research reports about the aetiology of aortic dissection, which can be broadly classified into two categories, namely background considerations and studies of the initiating factors.
Background to aortic dissection
According to the International Registry of Acute Aortic Dissection [1] , 72% of patients have a history of hypertension. Other predisposing factors include inflammatory disease that causes vasculitis and genetic collagen fragility disorders, such as Marfan syndrome or Ehlers-Danlos syndrome. It is commonly understood that hypertension and advanced age seem to be major predisposing factors for aortic dissection [1-3, 6-9, 15-17].
In our study, 13 patients (61.9%) with aortic dissection had a history of systemic hypertension, and the average age was 65.3 ± 12.1 years (Table 1) . No patients had Marfan syndrome, but one had a bicuspid valve anomaly in his aortic valve. His histopathological findings were fairly similar to those of Marfan syndrome [4] , suggestive of the possibility of similar abnormalities, such as transforming growth factor-β receptor mutation, in his genetic background [1] [2] [3] [4] [5] [6] [7] [8] [9] [15] [16] [17] .
Based on such backgrounds or predispositions, it is difficult to understand the mechanisms by which aortic dissection may be induced; this should therefore be the major focus of pathogenetic discussions of aortic dissection.
Initiating factors that induce aortic dissection
Many review articles have discussed the initiating events of aortic dissection. The major aetiological theory is that aortic dissection originates with an intimal tear [2, 3, 8] in the aorta, usually in its ascending part. As a result of high blood pressure, blood enters the media and creates a split that extends along the course of the aorta, sometimes down to the iliac arteries, creating a false lumen in the aortic wall. The blood then returns to the true lumen through a second tear (outlet) made in the intima.
While we could detect an intimal tear in about half of the cases, no tear was found in the remainder of the cases; those were considered as the 'intramural haematoma' cases [12] [13] [14] . However, it is likely that most intimal slits might not be the cause of dissection but the result, according to our viewpoint that the initiation of dissection must be rupture of the vasa vasorum, which will be emphasized later.
The most notable finding obtained in this study is that, with the exception of one patient who had a bicuspid aortic valve, 20 of 21 patients (95.2%) developed the dissection at the outermost site, the outer one-third of the aortic media (Table 2 and Fig. 1 ). Many textbooks state that the site of aortic dissection is usually in the outer one-third of the media, but we found no clear descriptions of the exact site or the reason why dissection occurs at that site. However, we found that the dissection occurred alongside the running course of the vasa vasorum of the aortic wall (Figs 2a-c and 3a-d) ; therefore, the following discussion focuses on the role of the vasa vasorum in the aetiology of aortic wall dissection.
Medial changes and vasa vasorum
The smooth muscle cells in the aortic wall make all of the medial components including elastic fibers, collagen fibers and extra-matrix containing hialuronic acid. Fragility of the aortic media is known to have the potential to lead to aortic dissection [2, 3, 16] . Reduced nutrient and oxygen supply to the media may lead to medial thinning and necrosis.
Medial degeneration, so-called cystic medial necrosis as seen in Marfan syndrome, is characterized by loss of the elastic laminae and smooth muscle cells, with replacement by pools of acid mucopolysaccharide [2, 3, 8, 17, 18] . One patient in the present study had a bicuspid aortic valve, and his histopathological findings were similar to those of Marfan syndrome, suggesting some similarity in genetic background [17, 18] .
The other important factor that can influence the character of the aortic medial components must be the local blood circulation. The vasa vasorum is a network of small vessels distributed around the middle and outer layers of the media of the aorta. It has important roles in the maintenance of the aortic wall structure and function [19] . Nutrient and oxygen supply to the outer layers of the aorta depends on blood flow via the vasa vasorum, which is reduced in hypertension and several other conditions [19] [20] [21] [22] [23] . On the contrary, Leonard and Hasleton [15] stated that lesions of the vasa vasorum have little association with medial change.
We found various histological changes in the walls of the vasa vasorum in 16 of 21 patients (two with muscular hyperplasia, three with elastosis, four with intimal fibrosis, three with obstruction and four with tortuosity; Table 2 and Fig. 5a -e). It is possible that these changes resulted mainly from hypertension. These changes would result in a disturbance to the the nutrient and oxygen supply of the aorta, leading to progressively decreased aortic distensibility.
Kato and Kyogoku [24] revealed that almost all constituents of the arterial media are arterial smooth muscle cell products, the ratios of which can change with respect to one another depending on whether the smooth muscle cells are stimulated, stressed, proliferating, anoxic and/or unnourished. Some Greek researchers have confirmed experimentally that ligation of the vasa vasorum of the aorta induces various types of degenerative changes in the middle of the aortic wall and subsequent aortic dissection [19] [20] [21] [22] [23] . Although some articles have stated that medial necrosis is considered to be a secondary ischaemic change following dissection, aortic dissection is likely to be the result of medial changes that are probably induced by dysfunction of the vasa vasorum [24] .
Half of our patients had a history of systemic hypertension. Although this could not be confirmed at their admission for the other patients, systemic hypertension must have been present as inferred from the histological findings in their vasa vasorum. Ageing, poor control of systemic hypertension and peri-aortitis (four patients) induce arteriosclerotic changes of the vasa vasorum, which leads to aortic dissection. Even in the patient who had the bicuspid aortic valve, Marfan-type dissection, poorly controlled systemic hypertension may have been an accelerating factor [18] .
Seven of the 21 patients (33.3%) showed various aortic adventitial changes, including two (9.5%) with lymphoid peri-aortitis, two (9.5%) with granulomatous periaortitis and three (14.3%) with scar formation (Table 2 and Fig. 6a and b) . All of those factors must have an influence on the aortic wall circulation and might interfere with the nourishment and/or oxygen supply to the aortic media. This may be another trigger for the development of aortic dissection [16] .
Finally, we want to emphasize that the rupture of sclerotic vasa vasorum itself may initiate and induce the dissection based on the histopathological observations, such as those shown in 
